Introduction: More than half of patients with central nervous system tuberculosis (CNS TB) die or are left with severe neurological deficits despite receiving anti-TB treatment. Aims of the study: This study examined risk factors associated with poor response to initial treatment with four anti-TB drug regimens or three drug regimens with steroids as adjuvant therapy. Methods: This study analyzed medical records from two tertiary hospitals in Busan, Korea, between January 2009 and March 2012. The subjects were non-human immunodeficiency virus (HIV)-infected patients aged ≥16 years with clinical CNS TB. The subjects were divided into two groups according to response to treatment. Results: In totally, 52 patients with CNS TB were included. Of these, 14 (26%) and 38 (73%) showed poor and good responses, respectively. Of the patients with poor response, nine had stage III disease (64.3%) according to the British Medical Research Council (BMRC) staging system. A significantly higher proportion was seen in the good response group (p < 0. 
Introduction
Central nervous system tuberculosis (CNS TB) begins with hematogenous spread of Mycobacterium tuberculosis from the primary pulmonary TB site, and eventually leads to lesions in the brain and spinal cord. The timing and risk of developing symptoms related to primary respiratory infections are associated with age and immune status.
Immunosuppressed adults, particularly those infected with human immunodeficiency virus (HIV), are at high risk for CNS TB. And other risk factors include diabetes, malignancy, alcoholism, steroid therapy, and use of tumor necrosis factor (TNF)-blocking agents [1] [2] . CNS TB causes death or severe neurologic disabilities in more than 50% of the patients, despite administration of appropriate anti-TB drugs and adjuvant steroid therapies [3] . Early initiation of effective anti-TB therapy plays the most critical role in successful outcomes; however, many cases demonstrate a poor response even when anti-TB therapy is administered [4] . There were a few studies about tuberculosis related deaths and risk factors for treatment failure of tuberculosis. Fatality was related to older age, disseminated disease, co-morbidity and social and geographical isolation [5] [6] . But there was not study about factors including laboratory data and image findings associated with poor response to tuberculosis treatment. The present study aimed to determine the risk factors associated with poor response of non-HIV infected patients despite initial treatment with anti-TB drugs and corticosteroids.
Materials and Methods

Study Area and Population
The present study was conducted in two tertiary university-affiliated hospitals with more than 900 beds in Busan City, South Korea, from January 2009 to March 2012. The incidence of TB in Busan City is the highest in the nation, at 86.9 per 100,000 population (national average 72.4) in 2005, 95.5 per 100,000 population (national average 78.9) in 2011, and 93.6 per 100,000 population (national average 78.5) in 2012 [7] . A study investigating multidrug-resistant TB in one tertiary hospital in Busan from 2005 to 2009, which did not participate in the present study, reported that 312 of 367 total subjects were new cases (85.0%). In that study, 75 (20.4%) of the 367 patients were resistant to at least one drug, and the prevalence of drug-resistant TB was significantly higher in the group of previously treated patients (44 [14.1%] 
Data Collection Techniques
The present study was conducted retrospectively using medical records. The subjects were non-HIV-infected patients aged 16 cluding the lungs, extrathoracic lymph nodes, skeletal system, heart, liver, and spleen was also examined.
Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Correlations between categorical variables were evaluated using Fisher's exact test, and continuous variables were evaluated using Student's t-test. Independent predictors of poor response were analyzed using logistic regression analysis, and a p-value less than 0.05 was considered statistically significant.
Ethics Statement
This study was approved by the Institutional Review Board of Kosin University Gospel Hospital.
Results
Demographic and Clinical Characteristics of Patients with Central Nervous System Tuberculosis
During the 39-month study period, 52 patients with CNS TB were included in the analysis. Baseline clinical characteristics were compared in those with good or poor response to initial treatment. Of these 52 patients, 14 (26%) showed a poor response, while 38 (73%) showed a good response. The mean age (±standard deviation) of all subjects was 46.1 ± 17.4 years. The mean age of those with a good response was 46.1 ± 16.8 years, higher than the 45.9 ± 19.6 years for those in the poor response group, but the difference was not statistically significant (p = 0.98). In terms of clinical symptoms that were evaluated upon diagnosis and initiation of treatment, in accordance with the Modified BMRC staging system, nine patients (64.3%) in the poor response group had stage III disease, with a higher proportion of patients with severe clinical symptoms;
this difference was statistically significant (p < 0.05). When the presence or absence of TB in non-CNS sites such as the lungs, extrathoracic lymph nodes, skeletal system, heart, liver, and spleen in addition to CNS TB was examined, 2.1 ± 0.6 involved sites were identified in the good response group, which was significantly higher than that for the poor response group (1.4 ± 0.6; p < 0.05). Comorbidity with CNS TB was identified in 14 subjects, with the lungs being the most common site of involvement (nine subjects, 60%). Of 14 subjects with a poor response, five had lung involvement, two of whom had miliary TB. The remaining sites of involvement were the extrapulmonary lymph nodes (four subjects, 26.6%) and liver (one subject, 7.1%). The study population consisted of 30 men (57.29%) and 22 women (42.31%). Poor response was significantly associated with female sex and confirmed diagnosis (p < 0.05). In addition, no statistical significance was found between patients receiving four-drug or three-drug regimens for treatment of CNS TB. The mean treatment durations in the good and poor response groups were 14.8 ± 6.4 (median months ± SD) and 14.2 ± 11.5 months, respectively, a difference that was not statistically significant (Table 1) .
Laboratory Data and Brain Imaging of Patients with Central Nervous System Tuberculosis
Comparative analysis for accompanying constitutional symptoms, underlying disease, CSF opening pressure, white blood cell (WBC) count, lymphocyte count, protein level, glucose ratio, LDH level, and ADA level showed no statistical significance (p > 0.05) between the two groups. Patients with positive CSF AFB culture, positive sputum AFB culture, positive CSF TB PCR assay findings and tuberculoma formation on brain imaging showed a poorer response compared with the remaining subjects (p < 0.05). Patients without tuberculoma on brain imaging, those with basal meningeal enhancement or hydrocephalus, and normal patients were included in the comparison (Table 2 ).
Final Outcomes of the 14 Patients with Poor Response
The final outcomes of 14 patients with poor response included seven deaths (50.0%), five cases of residual paresis (35.7%), and two cases lost to follow-up (14.2%) ( Table 3 ).
Risk Factors Associated with Poor Response to Initial Anti Tuberculosis Therapy
In order to determine the risk factors associated with poor response to initial anti-TB therapy, multivariate analysis was performed using binary logistic regression analysis. 
Drug Susceptibility Testing
This study was a retrospective analysis and anti-TB drug susceptibility was not assessed in all subjects at the time of acceptance of report on positive TB cultures. Drug susceptibility testing was conducted for only three (37%) of eight patients with CSF culturepositive findings and five (35%) of 14 patients with sputum AFB culture-positive findings. Of the eight conducted drug susceptibility testing, only one (12.5%) was resistant to INH, seven were sensitive to all anti tuberculosis drugs including INH, RFP, EMB and PZA. This patient also showed a sputum AFB culture-positive result and died one month after diagnosis despite administration of a four-drug anti-TB regimen and steroid treatment.
Discussion
Anti-TB drug and steroid treatments increase survival rates of patients with CNS TB. In the present study, we examined factors associated with poor response despite administration of four-drug anti-TB regimens or three-drug anti-TB regimens with steroid treatment. Univariate analysis revealed that female, confirmed diagnosis, and CSF AFB culture-positive findings were associated with poor response, whereas these factors were not significantly associated in multivariate analysis.
The results of multivariate analysis revealed that stage III BMRC severity grade of clinical signs upon diagnosis, AFB culture-positive sputum, and tuberculoma on brain images were independent risk factors of poor response.
The results of the present study indicate that the most important factor affecting treatment outcomes such as mortality and neurologic sequelae was the disease stage based on the severity of clinical symptoms at diagnosis and treatment initiation. If treatment is initiated in stage I, patient mortality and morbidity rates are very low; if treatment is initiated in stage III, 50% of patients with low Glasgow coma scores or neurological deficits die or are left with some degree of neurological deficit [9] . Therefore, when CNS TB is suspected, prompt diagnosis and treatment initiation for patients with mild disease state may be the most beneficial to ensure a good prognosis.
In addition, all patients included in the present study were treated equally with fouror three-drug regimens from the initiation of this study for two months. The outcomes were compared at two months; thus, anti-TB drug resistance may have also affected the outcomes.
The incidence of anti-TB drug resistance is reportedly lower in patients with extrapulmonary TB than in patients with pulmonary TB [10] ; however, other studies have reported that the incidence of anti-TB drug resistance in patients with extrapulmonary TB is similar to that in patients with pulmonary TB [11] . A 2011 study on anti-TB drug resistance in patients with extrapulmonary TB conducted in a university hospital reported 8.9% and 1.8% incidences of resistance to at least one anti-TB drug and multidrug resistance, respectively [12] ; these rates are similar or slightly lower than those for the total population of South Korea [13] . In our study, the incidence of drug resistance in patients who were tested for anti-TB drug resistance was found to 12.5%; this rate is similar to that in South Korean patients with drug-resistant TB, but not to the incidence of multidrug resistance in patients with extrapulmonary TB [13] . Among firstline anti-TB drugs, INH plays the most important role in the treatment of TB meningitis owing to its rapid activity and excellent penetration into CSF [14] . [16] . Though, this study was a retrospective analysis, not all factors were controlled and anti-TB drug susceptibility was not assessed in all subjects. Because in this study anti TB drug susceptibility testing was conducted for only a few patients, the relation between anti-TB drug susceptibility and laboratory data could not be studied in detail. Therefore, further studies on anti-TB drug resistance in patients with CNS TB are needed. In this study, positive sputum AFB cultures and tuberculoma on brain images were also identified as risk factors of poorer outcomes in multivariate analysis in this study. In addition, disease outcome and prognosis may be affected by patient age, nutritional status, presence of miliary disease, and underlying diseases. However, the present study found no significant association with these variables, likely due to the small number of patients included in this study, which increased the potential for errors in interpreting the results of the analysis. Another limitation was the possibility of poor patient compliance. Because the present study was a retrospective study based on medical records, it was not possible to accurately assess differences in patient compliance to anti-TB drug treatment regimens.
Conclusion
Although CNS TB can have serious consequences, few studies have assessed outcomes or drug resistance in these patients or have compared them to those for patients with pulmonary TB. In areas where TB is prevalent, it is critical to identify severity in patients with CNS TB, according to consciousness and degree of neurological deficit, and to start prompt anti-TB drug treatment. In addition, specimens for microbiological diagnosis should be obtained and drug susceptibility testing for anti-TB drugs should be performed. It might also be necessary to switch drugs based on drug resistance determined while evaluating therapeutic response. CSF nucleic acid amplification tests should be conducted for all patients with suspected CNS TB, and subsequent molecular drug susceptibility tests may be useful for determining the prognosis of patients with positive findings. Based on the results of the present study, further studies are necessary to determine the associations between risk factors for therapeutic response and anti-TB drug resistance, as well as differences in outcomes according to baseline characteristics in patients with CNS TB.
